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Abstract. Our recent discoveries of magnetic fields in a small number of 
Herbig Ae/Be (HAeBe) stars, the evolutionary progenitors of main sequence 
A/B stars, raise new questions about the origin of magnetic fields in the in- 
termediate mass stars. The favoured fossil field hypothesis suggests that a few 
percent of magnetic pre-main sequence A/B stars should exhibit similar mag- 
netic strengths and topologies to the magnetic Ap/Bp stars. In this talk I will 
present the methods that we have used to characterise the magnetic fields of the 
Herbig Ae/Be stars, as well as our first conclusions on the origin of magnetism 
in intermediate-mass stars. 



Introduction 



Around 5% of the main sequence (MS) A and B stars host strong, large-scale 
magnetic fields. Such magnetic stars also show important abundance inhomo- 
geneities in their photosphere, and are called the chemically peculiar Ap/Bp 
stars. The strength, topology and relationship to other physical characteristics 
of the magnetic fields of these stars cannot be explained by an envelope dynamo 
as in the sun. The most reliable hypothesis is the fossil field theory. This theory 
proposes that the observed magnetic fields of the MS Ap/Bp stars are relics of 
magnetic fields, either present in their parental molecular clouds, or generated 
during the very early stellar formation stages. This could imply that the mag- 
netic fields survive through the whole life of these intermediate mass stars, from 
the pre-main sequence (PMS) phase to the white dwarf and neutron stars stages. 
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Until recently, magnetic fields were only directly observed in molecular 
clouds, MS A/B stars, and also in white dwarfs and neutron stars. In order 
to confirm the fossil field theory we need to observe fields at other intermediate 
stellar evolution stages, in particular during the PMS phase. With this aim we 
performed a large survey of 130 intermediate mass PMS stars, the Herbig Ae/Be 
(HAeBe) stars, present in the field of the Galaxy and also in very young open 
clusters, using the new high-resolution spectropolarimeter ESPaDOnS. We at- 
tempted to detect magnetic fields in each star of the sample using the polarised 
properties of the Zeeman effect in their photospheres. We discovered 7 new mag- 
netic HAeBe stars, leading to a calculated incidence of ~ 6 % magnetic HAeBe 
stars (Wade et al. 2005, Catala et al. 2007, Alecian et al. 2008a, Alecian et 
al. 2008b, Wade et al. this proceeding). Taking into account the fossil field 
hypothesis and the incidence of the MS magnetic A/B stars (Power et al., in 
preparation), we predict between 1 and 10 % of HAeBe stars could be magnetic. 
This result, while in agreement with the fossil field hypothesis, is not sufficient 
to totally confirm this theory. We need to go further. 

According to this theory, magnetic fields among PMS stars must have sim- 
ilar topologies to the Ap/Bp stars, and they must show magnetic strengths 
consistent with magnetic flux conservation. We therefore need to characterise 
the magnetic fields of the HAeBe stars. In Section 2, I explain briefly our obser- 
vations. In Section 3, I describe the method that we used to characterise their 
magnetic fields. The results and a discussion are presented in Section 4. 

2. Observations 

We obtained high-resolution Stokes / and V spectra of HAeBe stars using the 
spectropolarimeter ESPaDOnS (Donati et al. in prep.) installed at the 3.6m 
Canada- France-Hawaii telescope (CFHT), and using its twin, Narval, installed at 
the 2m Bernard Lyot Telescope (TBL) at the Pic du Midi Observatory (France). 
The data has been reduced using the Libre Esprit package especially developed 
for ESPaDOnS and Narval (Donati et al. 1997). For more information about 
the data see Wade et al. (this proceeding) and Alecian et al. (2008a). 

3. Characterisation of magnetic fields of Herbig Ae/Be stars 

In the following I will describe the general characterisation method that we ap- 
plied for all magnetic HAeBe stars, by presenting the analysis that we performed 
on one of the magnetic HAeBe stars HD 200775. 

3.1. Extraction of LSD profiles 

During the PMS phase, stars are still contracting toward the MS. The stellar 
radius decreases by up to a factor of ~ 4. If magnetic flux is conserved, as pre- 
dicted the fossil field theory, the magnetic strengths in their photospheres can be 
lower than in the Ap/Bp stars by around one order of magnitude. Furthermore 
the optical spectra of HAeBe stars are very often strongly contaminated by emis- 
sion. For these reasons the detection of magnetic fields in the individual lines of 
HAeBe spectra is particularly challenging. We therefore need to apply the least 
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Figure 1. a) LSD Stokes / (lower) and V (upper) profiles of HD 200775 
(B3 V) observed in Sept. 2004 (black) and in June 2006 (red). The arrows 
indicate the radial velocity change of the secondary between both observa- 
tions, b) Best model of the HD 200775 components (red) superimposed on 
the observed profile of Sept. 2004 (black). The individual synthetic profiles 
of the primary (blue) and secondary green) are also plotted, c) The derived 
observed Stokes / and V profiles of the primary. 



squares deconvolution (LSD) method developed by Donati et al. (1997), that 
will allow us to increase the S/N ratio of our data by a factor up to 10. 

The LSD technique increases considerably the S/N ratio of the data by 
combining the information contained in all the lines of the Stokes / and V 
spectra. This method assumes that all selected lines of the spectrum have a 
profile of similar shape. Hence, this supposes that all lines are broadened in the 
same way. We can therefore consider that the observed spectrum is a convolution 
between a profile (which is the same for all lines) and a mask encoding the 
positions and strengths of all chosen lines of the spectrum. We therefore apply a 
deconvolution to the observed spectrum using the mask, in order to obtain the 
average photospheric profiles of Stokes / and V . In this procedure, each line is 
weighted by its S/N ratio, its depth in the unbroadened model and its Lande 
factor. The masks are computed using Kurucz ATLAS9 models (Kurucz 1993) 
with effective temperature and gravity suitable for each star. We excluded from 
this mask hydrogen Balmer lines, strong resonance lines and lines whose Lande 
factor is unknown. Exemple resulting LSD profiles for HD 200775 are shown in 
Fig. [Bi. 

Figure [T^ shows a single Zeeman signature in the LSD Stokes V profiles 
(upper profile), characteristic of a stellar magnetic field. The Stokes / profile 
shows the profile of a binary star whose primary rotates with a v sin i = 26 it 
2 km/s and the secondary with 't;sini = 59 it 5 km/s. A detail analysis of the 
radial velocity variations of the Stokes / and V profiles (illustrated in Fig. [1^) 
leads to the conclusion that the Stokes V signature comes from only the primary. 

In order to determine the magnetic topology and strength of the primary 
we need to isolate the primary Stokes / profile. In that aim we have fitted 
the binary profile using the sum of two synthetic single profiles. Each one of 
these profiles are computed using the convolution of a rotation profile and a 
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Figure 2. Stokes V profiles of HD 200775 (noisy black lines) superimposed 
to the synthetic ones (in red smooth lines ), corresponding to our best fit. 
The rotation phase and the error bars are indicated on the left and on the 
right of each profile, respectively (Alecian et al. 2008a). 



Gaussian of instrumental width (Gray 1992). Figure [TJa shows the result of this 
fitting procedure (in red smooth lines), as well as the synthetic profiles of both 
components. We then subtracted from the observed binary profile the synthetic 
secondary profile. The resulting observed primary profile is shown in Fig. [it. 

3.2. The oblique rotator model 

In order to characterise the magnetic fields of the HAeBe stars, we used the 
oblique rotator model described by Stift (1975). We consider a dipole placed at 
a distance ddip on the magnetic axis of a spherical rotating star with a magnetic 
intensity at the pole -Bp. The rotation axis of the star is inclined at an angle i 
with respect to the line of sight and makes an angle (3 with the magnetic axis. 

In the weak field approximation, the Stokes V profile amplitude is pro- 
portional to the magnetic field projected onto the line of sight and integrated 
over the surface of the star (Bi, the longitudinal magnetic field, hereafter). As 
the star rotates, the visible magnetic field changes, resulting in variation of Bi. 
Therefore the Stokes V profile changes with the rotation phase. 

3.3. Stellar monitoring and fitting procedure 

In order to determine the geometrical and magnetic parameters i, /?, -Bp and 
ddip, as well as the rotation period P of each star, we observed the stars at many 
different rotation phases and then fit simultaneously all the Stokes V profiles 
observed for each star. With this aim we calculated a grid of V profiles, using the 
oblique rotator model, for each date of observations, varying the five parameters. 
Then, for each star, we applied a minimisation to find the best model which 
matches simultaneously all the V profiles observed. Fig. [2] shows the result of 
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Table 1. Fundamental, geometrical and magn etic parameter s of the mag- 
netic Herbig Ae/Be stars. Refe rences : 1 : lAlecian et alj (|2008aD . 2 : 
iFolsom et al. I ()2008l), in press, 3 : ICatala et afl ()2007[). 
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our fitting procedure for HD 200775. The synthetic Stokes V are superimposed 
on the observed ones (Alecian et al. 2008a). 



4. Results and Discussion 

The values of the geometrical and magnetic parameters are summarized in Table 
[T] for the 3 stars studied to date. In the case of HD 190073, the topology and 
the intensity of its magnetic field are not well constrained. This is because, 
during 3 years of observations, the Stokes V profile has not been observed to 
vary. There are 3 possible explanations for this : the inclination i is very small, 
the obliquity angle /? is very small, or the rotation period of the star is very 
long. More observations will allow us to discard two of these solutions. However 
the stability of the magnetic field over more than 2 years and the shape of the 
Stokes V profiles lead us to the conclusion that this star hosts a large-scale fossil 
magnetic field (Gatala et al. 2006). 

The success of our fitting procedure for the stars HD 200775 and HD 72106, 
as well as our discussion on HD 190073, lead to the conclusion that the magnetic 
Herbig Ae/Be stars host globally dipolar magnetic fields, similar to the Ap/Bp 
stars. 

Assuming the conservation of magnetic flux during PMS evolution, and 
using the current radii of the stars and their predicted radii on the ZAMS, we 
can estimate the magnetic intensity at their surface they will have when they 
will reach the ZAMS (see Table 1). We found intensities ranging from 300 G to 
3.6 kG, which is very close to what is observed in the Ap/Bp stars. Hence we 
bring new strong arguments in favour of the fossil fleld hypothesis. 
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